Abstract -Forecasting solar energetic (E > 10-MeV) particle (SEP) events is an important element of space weather. While several models have been developed for use in forecasting such events, satellite operations are particularly vulnerable to higher-energy (>50-MeV) SEP events. Here we validate one model, the proton prediction system (PPS), which extends to that energy range. We first develop a data base of E > 50-MeV proton events >1.0 proton flux units (pfu) events observed on the GOES satellite over the period 1986-2016. We modify the PPS to forecast proton events at the reduced level of 1 pfu and run PPS for four different solar input parameters: (1) all ≥M5 solar X-ray flares; (2) all >200 sfu 8800-MHz bursts with associated ≥M5 flares; (3) all >500 sfu 8800-MHz bursts; and (4) all >5000 sfu 8800-MHz bursts. The validation contingency tables and skill scores are calculated for all groups and used as a guide to use of the PPS. We plot the false alarms and missed events as functions of solar source longitude, and argue that the longitude-dependence employed by PPS does not match modern observations. Use of the radio fluxes as the PPS driver tends to result in too many false alarms at the 500 sfu threshold, and misses more events than the soft X-ray predictor at the 5000 sfu threshold.
Introduction
Accurate modeling and forecasting of solar energetic (E > 10-MeV) particle (SEP) events is important for a wide range of space operations (e.g., Crosby et al., 2015) . It is well known that the largest SEP events are produced in shocks driven by fast (>800 km s À1 ) coronal mass ejections (CMEs; e.g., Reames, 2013) , so observations of CME properties are an obvious input source for SEP event forecast systems. CMEs typically follow associated solar X-ray flares in time and require longer observing timescales than flares to determine their characteristics, which presents an obstacle for acquiring CME measurements sufficiently prompt for timely SEP forecasts (St. Cyr et al., 2017) . Solar flare X-ray and radio peak fluxes and fluences are available promptly and have also been found to provide reasonable bases for SEP event forecasts (Balch, 2008) , and hence are used in many current forecasts.
Most statistical studies comparing SEP events with flares and CMEs are conducted for events with SEP energies of 25-MeV (Cane et al., 2010 , Kahler, 2013 . For practical applications to astronauts, communications, and satellite operations, it is recognized that the 50-MeV range is of greatest importance (Schwank et al., 2005 , Posner, 2007 , Tribble, 2010 , although for specific applications such as single event upsets, lower (E > 30-MeV) energies are expected to be important (O'Brien, 2009) . One forecast system, UMASEP, which matches derivatives of soft X-ray flare increases (N uñez, 2011) or microwave fluxes (Zucca et al., 2017) with initial increases of SEP intensities, has been extended to the 100-MeV range (N uñez, 2015) . Two forecast systems, the proton prediction system (PPS), in current use by the 557th Air Squadron for the Air Force Weather Agency, and PROTONS, used by the Space Weather Prediction Center (SWPC) at the National Oceanic and Atmospheric Administration (NOAA; Balch, 1999 Balch, , 2008 have options to forecast occurrence, peak intensities, and timings of 50-MeV proton events based on observed solar flares and radio bursts. The PROTONS forecast program is based on statistical analyses of prior data sets of SEP events and flares and uses a probability matrix of flare Xray peak intensities and fluences to forecast the occurrence probability of an SEP event. It was validated 1 for E > 10-MeV proton events that occurred from 1986 to 2004 by Balch (2008) . The PPS forecasts were validated for E > 10-MeV proton events that occurred from 1997 to 2001 by Kahler et al. (2007, hereafter KCL) , but a systematic validation of 50-MeV forecasts with either model has not been carried out until now. This study responds to a request from the 557th Air Squadron to validate the PPS for 50-MeV proton event forecasts.
The PPS takes as an input signal either an 0.05-0.4 or 0.1-0.8 nm soft X-ray observation from the GOES satellite, or a solar radio burst flux at one of several standard frequencies measured by the US Air Force Radio Solar Telescope Network (RSTN) system. The data can be supplied as a fluence or as a peak flux, and the solar flare position must also be specified. The PPS outputs consist of the beginning, peak, and end times, peak intensities I p , and event fluences of 18 selected proton integral energy bands if the forecasted I p reaches the 10 proton flux unit (pfu = 1 proton/cm 2 s sr) threshold established by SWPC as a level-1 radiation storm. The proton event beginning and end times refer to crossings of the threshold levels and define the time intervals of the fluences. The user selects the desired solar input variable and proton channel outputs. PPS is a science module of AF-GEOspace (Hilmer et al., 2012) , a graphics-intensive software program combining space environment models, applications, and data visualization products developed by the Air Force Research Laboratory and the space weather community. Details of the PPS are described in the AF-GEO space user's manual version 2.5.1, which is publicly available at http://www.dtic.mil/dtic/tr/fulltext/u2/ a563130.pdf.
The PPS model was introduced and reviewed in a series of works by Smart and Shea (1979 , 1989 , 1992 and briefly summarized by KCL. It assumes an instantaneous proton injection at the Sun at 0.25 h after the beginning of the associated X-ray/radio flare burst. The proton spatial injection profile in the corona is assumed to have a peak centered at the flare location and a gradient that imposes a correction of a factor of $10 ÀQ , where Q is the displacement in radians from the flare center (Shea et al., 1988) . Scatter-free proton propagation is assumed with a 60 pitch angle in a uniform Parker spiral field with an Earth magnetic connection to W57.3 . The model calculates the time T m of maximum intensity I p using the expression
where D is the distance along the Parker spiral in astronomical units (AU), and b = v /c of the protons, where v is the proton speed. An exponential decay is assumed following the peak intensity. The peak proton intensities I p are based on modifications to several models with X-ray and radio burst inputs, all of which were developed in the 1970s (Smart and Shea, 1979) . Relatively few SEP events were well studied at that time, and the data sample available to derive the parameters for the model numbered of order 20 events (D. Smart, private communication) . PPS calculates a value of I p for all flares, but the operational version of PPS returns this value as a proton event forecast only if I p ≥ 10 pfu. We note that our inspection of the current PPS operating code reveals some modifications to the parametric values described above. In this work we use GOES 0.1-0.8 nm X-ray and RSTN radio burst inputs and focus on the PPS E > 50-MeV proton forecasts.
2 Data analysis
The E > 50-MeV proton event list
We first generated a list of all >1 pfu 50-MeV proton events observed with the Energetic Particle Sensors (EPS, Rodriguez et al., 2014) on the GOES satellites from 1986 to 2016. The E > 50-MeV proton quiet background is usually <0.05 pfu, so the 1 pfu threshold is $20 Â background and allows us to include in the PPS validation analysis those cases when a false alarm forecast was mitigated by the occurrence of an observed proton event with 1 pfu < I p < 10 pfu. The initial list, which included onset, peak and end times of all increases above 1 pfu, was inspected and corrected for two problems. First, we removed 20 cases of small (1.1-2.2 pfu) secondary maxima resulting from fluctuations below the 1 pfu threshold during the decay phases of earlier proton events. We then added the estimated times and I p of 5 events which followed prior large >10 pfu events before the latter events decayed to the 1 pfu threshold. This yielded the peak intensities and times for a total of 138 E > 50-MeV proton events above the 1 pfu threshold. Of those, 71, which we call small proton events, had 1 pfu < I p < 10 pfu, and for 67 events I p ≥ 10 pfu. We note that Papaioannou et al. (2016) have recently generated a GOESbased list of proton events for four different integral energies. In the comparable energy range of E > 60- MeV and period 1984-2013 , their list has a similar number of 72 small proton events but only 46 ≥ 10 pfu events; however, nearly all theirs have flare associations, while we retain all events independent of flare associations.
The goal of this application of the PPS program is to forecast only E > 50-MeV proton events of ≥10 pfu, so the subset of 67 observed ≥10 pfu events, listed in Table 1 , are the basic forecast target against which we measure the performance of the PPS. The first three columns of Table 1 give the dates and times of SEP onsets, the peak intensities I p in pfu, and the event fluences. Columns 4-7 give the start times of the associated X-ray flares, the peak fluxes in the CMX system, the rise times in minutes, and the flare longitudes. In three cases of high backgrounds the SEP event fluences could not be measured, and in 9 cases there was not a credible flare and/or source association, suggesting backside events. Two of the 67 events have associated flares <M5.
While we separately consider in our evaluations the nearly successful cases of PPS forecasts of proton events, which were followed by observed small proton events, we do not separately consider the few reverse cases in which PPS forecasts of small proton events were followed by the target proton events of ≥10 pfu intensities. Those forecasts are given in Table 1 but are treated statistically as missed events, along with observed proton events for which either no PPS forecast was run or the forecast was negative.
The PPS is designed to forecast a large fraction of observed proton events while minimizing the number of forecasted but unobserved (false alarm) events. The success of the PPS forecasts is evaluated with the standard Heidke (HSS) and true skill statistics (TSS) (e.g., see Woodcock, 1976; Wilks, 2011; Bloomfield et al., 2012) . The HSS is a comparison with random forecasts with the same probabilities of forecasted and of observed events as in an assumed model. The TSS compares the outcome to an unbiased model in which the number of false alarms equals the number of missed events. For both HSS and TSS, a completely accurate forecast system yields a value of 1.0, one based on random chance gives 0, and a worse than random system gives negative values. The skill scores for each of the PPS forecast variables are given in Table 2 , along with the FAR, the false alarm ratio, defined as the ratio of event forecasts that turn out wrong, and the POD, the probability of detection, also called the hit rate, defined as the fraction of events that were correctly forecasted (Wilks, 2011) .
The solar flare X-ray and radio burst input groups
We test the PPS over the 1986-2016 period with four separate groups of solar flare event inputs. All flare inputs require solar flare locations: in the historical flare records, most locations are derived from simultaneous Ha observations which were not always available and could not see over-thelimb events. Accordingly, many events, including some of the largest, cannot be used in this validation due to the absence of locations.The first group used for validation are all 748 ≥M5 flares, and the second are the subset of those flares with RSTN solar 8800-MHz burst flux reports. For the third group we compiled a list from the RSTN observations of all 8800-MHz bursts with peak fluxes >500 solar flux units (1 sfu = 10 22 W m À2 Hz À1 ), independent of associated X-ray bursts, and the fourth group are the subset of those bursts with fluxes >5000 sfu. The 8800-MHz frequency was chosen because it is usually close to the gyrosynchroton peak of typical radio bursts (Nita et al., 2002) . The analysis consists of comparisons of the PPS forecasts with the observed E > 50-MeV events to determine numbers of correct event forecasts, false alarms, and missed events (observed event that was not forecast to occur). Note that the missed events fall into three groups: (i) those with no good flare candidates, such as overthe-limb events; (ii) those with <M5 flares as candidates, hence not matching our X-ray sample; and (iii) those events in our samples for which PPS forecast an I p value that did not exceed the threshold. Since the purpose of this validation is to forecast 50 MeV events, we use the full list of such events even though we know in advance that some of them cannot be correctly forecasted by our data samples. We discuss the flare selections and PPS results in the following sections.
The ≥M5 X-ray flares
The PPS program has two options for 0.1-0.8 nm X-ray flare inputs, the peak fluxes and the fluences. Recent studies have shown that X-ray fluences give better correlations with proton intensities I p than do peak fluxes (KCL; Balch, 2008) , so here we use fluence as the input variable. PPS allows two alternative sets of inputs to specify the fluence: one can choose to use the GOES peak 0.1-0.8 nm flux, FXW (ergs cm À2 s À1 ), together with the X-ray flare rise time from onset to peak, DT (minutes), in which case PPS scales the product FXW Â DT to a fluence; or one can supply FX, the actual X-ray flare fluence calculated from flare onset to the half-power decay time. Balch (2008) used the latter version along with a flare threshold of >C2.5 to validate PROTONS, but that form of fluence is not readily tabulated for events in the early years of this study. In this work, following KCL, we choose the former method for providing the fluence, and impose a threshold peak flux of GOES M5 to define our sample. We used the GOES X-ray flare lists from the NOAA National Geophysical Data Center (NGDC) site at https://www.ngdc.noaa.gov/stp/space-weath er/solar-data/solar-features/solar-flares/x-rays/goes/xrs/ to compile our list of 748 ≥ M5 flares over the period 1986-2016. Thirty two of the 748 flares had no associated flare locations, reducing the total to 716 candidate flares. PPS did not run for 17 of the flares with locations, all occurring before 1993, because the onset and peak times given in the flare lists were identical. The resulting zero rise times yielded zero fluences with our approach. For those events we replaced the listed times with appropriate values based on other records. In all 17 cases PPS did not forecast a > 1 pfu proton event, and they are included in the 620 correctly forecasted null events.
The PPS ≥ M5 flare results are shown in the first part of Table 2 , where we separately call out the 7 cases of false alarms for which a > 1 pfu proton event was observed. If one counts those cases as successful forecasts rather than false alarms, then we would have 40 correct forecasts and 57 false alarms. We also give in Table 2 Heidke (HSS) and true skill scores (TSS) for the forecast contingency table. Among the 34 missed events one did not have a flare location (an M9 on 2 October 2001) and another 11 did not have associated ≥M5 flares, so PPS was not run for those 12 cases. The 64 false alarms included two forecasts of modest proton events to occur on 3 November 2003 during the decay of a large proton event of the previous day. We cannot exclude the possibility of correct proton forecasts for those two cases, but we treat them as false alarms.
It is of interest to look for trends in the solar longitudes of the 64 false alarms and 22 missed events with known source longitudes. Figure 1 shows a longitude plot of peak X-ray flare fluxes of the false alarms and missed events, with the data circles scaled to the I p values. There is a clear trend for overprediction with well connected (W30 -W70 ) flares and an under-prediction for eastern hemisphere flares, several of which had very large X-ray flares and proton events. Of the 57 false alarms with no observed event of any size, the median forecast of I p was only 18 pfu. The two false alarms with highest forecast I p were 24 June 1988 at 135 pfu and 14 August 1989 at 108 pfu. Their associated flares were an X2.4 flare at W52
and an X3.5 at W60 , respectively. We examine three egregious cases of missed events. The first event, of 19 October 1989, had an observed >50-MeV I p of 5150 pfu and was associated with an X13 flare at E10
. PPS forecasted a SEP event with I p = 7.5 pfu, slightly below the 10 pfu threshold required for a hit, but nearly three orders of magnitude below the observed value. The second event, of 23 March 1991, with an observed I p = 2510 pfu was associated with an X9 flare 22 March at E28
. PPS forecast neither a > 50-MeV event above 1 pfu nor a > 10-MeV event above 10 pfu and may have been undermined by the short 2-min Xray rise time used in the X-ray fluence input calculation. The third event, on 4 November 2001, had an observed I p = 2120 pfu,and was associated with an X1 flare at W18 . Similar to the first event, PPS forecast I p = 1.7 pfu, below the 10 pfu threshold and three orders of magnitude below the observed peak.
The PPS forecasts include both I p and fluences (above 10 pfu) of SEP events. In the left side of Figure 2 we compare the forecasted versus observed I p of the 33 correctly forecasted events and the 7 additional events for which a PPS forecast matched an observed SEP event of 1 to 10 pfu. The correlation coefficient is CC = 0.29 for those 40 events. We reset the PPS outputs to calculate the event fluences above 1 pfu and compare those with the matching values calculated from the GOES profiles. Since we added two events for which the prior backgrounds were not below 1 pfu and we could not calculate separate fluences, we have a total of 38 events, shown in Figure 3 . The CC = 0.22 for those events.
The 8800-MHz bursts with ≥M5 X-ray flares
From our first list of 748 ≥ M5 X-ray flares we selected a subset of 657 flares with reported 8800-MHz bursts with peak fluxes >200 sfu to run the PPS with radio burst inputs. The 8800-MHz burst fluxes were extracted from the lists of fixedfrequency bursts maintained by NGDC at ftp://ftp.ngdc.noaa. gov/STP/space-weather/solar-data/solar-features/solar-radio/ radio-bursts/reports/fixed-frequency-listings/. These lists cover the years 1960-2010; for the years 2011-2016, 8800-MHz burst fluxes were extracted from the reports in the daily solar event files issued by SWPC. Where multiple reports were provided for the same flare, the larger peak flux was generally used (except in a few cases where a report was clearly erroneous). The question here is whether using a double threshold for both X-ray flare and radio peak will improve the forecasts. The median 8800-MHz burst was 905 sfu, and the forecast contingency table is given on the second tier of Table 2 . With these 8800-MHz burst inputs, 44 of the 67 > 50-MeV proton events were correctly forecasted, but there were now 197 false forecasts, including 27 events with observed peak intensities of >1 pfu. The skill scores of the table indicate that PPS performs somewhat worse by overforecasting proton events with these radio burst inputs than with the X-ray fluence inputs.
All 8800 MHz bursts >500 sfu
The previous two groups required the occurrence of an ≥M5 flare with a known location. We now focus solely on the radio burst inputs to PPS and start with a selection of all large 8800 MHz bursts with peak fluxes of >500 sfu and known longitude sources, but with no requirement for X-ray flare associations. As for the X-ray validation, we use radio bursts occurring in the period 1986-2016. Of 694 total bursts, 612 had known solar locations and were used to generate PPS forecasts. The results are shown on the third tier of Table 2 , and are broadly similar to the radio predictions for the ≥M5-selected sample. As with the ≥M5 flares, we show the corresponding longitude plot of missed events and false alarms for the >500 sfu bursts in Figure 4 . We show the matching PPS versus observed peak fluxes and fluences on the right sides of Figures 2 and 3. 2.6 All 8800-MHz bursts >5000 sfu A common feature of the two sets of forecasts based on radio burst fluxes discussed above is the large number of false alarms. The question arises as to whether there is a flux threshold that reduces the number of false-alarm forecasts while maintaining successful correct forecasts. To test this idea we selected from the previous group of 8800-MHz bursts only those with peak fluxes of >5000 sfu. There were only 90 such bursts, of which 9 did not have known source locations, leaving a total of 81 PPS runs. The resulting change from the previous larger group is to drive down substantially the falsealarm numbers (from 208 to 26) but at the cost of allowing the Fig. 2 . Left: Plot of the PPS forecasted versus observed >50-MeV I p for 33 correctly forecasted events and the 7 forecasted false alarms with observed I p between 1 and 10 pfu. The PPS was run with flare X-ray inputs. Right: Same for the 44 correctly forecasted events and 22 forecasted events with observed I p between 1 and 10 pfu, with PPS run for the >500 sfu 8800-MHz bursts. Diagonal lines in each plot correspond to correct forecasts. missed events to rise significantly (from 23 to 43). Note that now the incorrect forecasts of false alarms (26) and missed events (40) exceed the correct forecasts of hits (27) and nulls (21), producing negative skill scores, which tells us that such forecasts are worse than random chance.
Discussion
The goal of this work is to validate the PPS for E > 50-MeV proton events. We have used the largest available data base of reported X-ray flares and energetic proton events, from 1986 to 2016, to generate an optimum statistical basis for the validation. The number of E > 50-MeV proton events in that period was only 67, so we enhanced the comparison between forecasted and observed events by including another 71 small (1 < I p < 10 pfu) proton events over the same time interval. The first two lines of Table 2 show skill scores of ≈0.40 for PPS forecasts of ≥10 pfu proton events when using X-ray flares (observed in real time with the GOES satellites) as the primary input.
We asked whether flare microwave (8800-MHz) bursts produce better forecast results than the X-ray flares as PPS inputs. In the cases of microwave bursts with and without associated ≥M5 X-ray flares the event forecasts were worse, as the false alarm rates increased much more than the missed event rates decreased (Table 2) . Selecting only the very largest 8800 MHz bursts produced the surprising results of negative skill scores, suggesting little if any physical coupling between those bursts and the E > 50-MeV proton events.
We further compared the X-ray and microwave-burst PPS forecasts of event I p and fluences, shown in Figures 2 and 3 . The X-ray forecasts of I p generally lie along the line of correct values in Figure 2 , but the 8800-MHz bursts give forecasts of values predominately exceeding that line, so for I p values the X-ray forecasts are superior. On the other hand, if event fluences are the more important parameter for forecast applications, then Figure 3 shows that the 8800-MHz bursts give a better result since the PPS under-forecasts the fluences when used with the X-ray inputs. This comparison is based on observed and forecasted event fluences above 1 pfu, which may be somewhat different from results based on a 10 pfu threshold.
Having done PPS validations for E > 50-MeV proton events, we can compare our results with those of KCL for E > 10-MeV proton events, which were limited to only 78 PPS runs with ≥M5 flares during the 5-year period 1997-2001. We first modified their reported number of 3 events missed after running PPS by adding back the 24 observed proton events for which PPS was not run. That combined number is then comparable to our combined numbers of missed events for E > 50-MeV. The results are shown as the last entry in Table 2 , where it is very clear from their low skill scores that PPS gave results for the >10-MeV events far inferior to those obtained here for >50-MeV events.
It is important to understand the input conditions when PPS yields more or less successful forecast outcomes. We selected solar longitude as an organizing parameter and show the missed-event and false-alarm results for the ≥M5 flares and >500 sfu bursts in Figures 1 and 4 . There is a tendency for missed events to lie in the east and false alarms in the west, suggesting an overestimation in the PPS of the longitudinal gradient of the SEP source regions at the Sun. The protonevent longitudinal gradients were poorly known when the PPS was designed in the 1980s, but recent studies have refined our knowledge of those gradients, particularly with the help of multiple spacecraft observations of individual events (Lario et al., 2013 (Lario et al., , 2014 . In Figure 5 we compare the longitudinal profile of proton intensities I p used in the PPS with that typical of recent observational studies. The primary difference is the broader longitudinal extent of the assumed Gaussian fits to the observed events, which might qualitatively explain why the PPS over-forecasts proton events close to the solar flare longitudes and under-forecasts those further away. However, for the three large missed SEP events discussed in Section 2.3, Fig. 4 . Longitude plot of the PPS 11 missed proton events (red circles) and 186 false alarms (black circles) as a function of the associated >500 sfu 8800-MHz peak burst. Circle diameters scale with the I p of missed observed (red) or false forecasts (black), as in Figure 1 . The two red arrows indicate missed events for which the peak 8800-MHz burst was <300 sfu. Black profile is the PPS assumed gradient of a factor of 10 per radian, and the red profile is the approximate Gaussian fit assumed from multi-spacecraft observations of SEP events by Lario et al. (2013) . The Gaussian profile is offset about 15 west of the flare longitude.
the model I p values of Figure 5 are lower than the observational fit by less than a factor of 3, while the PPS produced values of I p about three orders of magnitude too small. Those SEP events may have been outliers in the general correlation between flare X-ray fluences and SEP peaks, but the PPS failed to forecast any SEP event east of E23 for the 8800 MHz bursts or east of E08 for the X-ray flares. A flare at E20 corresponds to Q = -77 in Figure 5 , where the PPS gradient value is diminished by a factor of only about 25 from that of the peak at 0 . This would not seem to preclude PPS forecasts of SEP events east of about E20
, so we have no explanation for the lack of forecasted eastern SEP events.
The center of the false-alarm longitudinal distribution of Figure 1 also appears shifted somewhat to the east of W57 , perhaps consistent with the $15 westward shift from W57 of the observational Gaussian fit. The observed westward shift has been explained by Lario et al. (2014) in terms of an assumed maximum acceleration of protons at the shock nose, which begins only after the nose is well above the flare site but is then magnetically connected to a site west of the flare.
Longitudinal dependence is also a fundamental difference between the PPS and PROTONS (Balch, 2008) forecasts of proton I p . Balch (1999) considered applying a correction for longitudinal position in predicting I p , but concluded that it made the predictions worse. The forecast of I p from the current operational version of PROTONS is independent of longitude, while PPS assumes the exponential gradient shown in Figure 5 . In our 50-MeV proton validation of PPS the positive CC of 0.29 for I p (Fig. 2) and 0.22 for the event fluences (Fig. 3) would suggest that the longitudes should be included in the I p forecasts. Looking back at the E > 10-MeV proton validations of PROTONS (Balch, 2008) and PPS (KCL), we find that in both studies the CCs of forecasted and observed I p were quite similar (0.52 for 127 events (PROTONS) and 0.55 for 78 events (PPS)). While KCL used only a subset of the events of Balch (2008) , this comparison suggests that while a longitudinal dependence of I p is present, it is a secondary factor compared to the dependence on the flare X-ray fluence.
We have noted the limited comparison between the E > 10-MeV and E > 50-MeV forecasts of the PPS. A useful exercise for the future might be to validate the PPS as a function of energy over a common data set of proton events and then to do inter-comparisons with forecasts of PROTONS or other models.
Conclusions
The PPS forecasting system, in use today but based on limited SEP data sets available several decades ago, has been tested against a comprehensive set of 67 E > 50-MeV proton events from 1986 to 2016. We tested four different sets of Xray flare and radio burst inputs and evaluated each set with standard skill scores. The ≥M5 flare set gave results superior to those based on the 8800-MHz radio bursts. As the 8800-MHz burst test thresholds increased, the results, shown in Table 2 , became dramatically worse. Within the limitations of the PPS model the X-ray flares, besides being the most immediately obtainable parameters, provide the best results. There is a clear longitudinal bias for missed events to lie in the eastern hemisphere and for false alarms in the western hemisphere (Figs. 1 and 4) , but the assumed PPS longitudinal gradient is not significantly different from recent observational intensity profiles (Fig. 5) . The X-ray flare inputs produced better I p (Fig. 2 ) but worse fluence (Fig. 3) forecasts than did the 8800-MHz bursts.
